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Abstract. The lepton flavor violating decay of the Higgs boson H → lAlB
is studied within two qualitatively different extensions of the Yukawa sector:
one renormalizable and the other nonrenormalizable; both incorporating Lorentz
violation in a model-independent fashion. These extensions are characterized by
Yukawa-like matrices, the former by the constant Lorentz 2-tensor Y ABµν , whereas
the latter by the constant Lorentz vector Y ABµ . It is found that the experimental
constraints on the decays lA → lBγ severely restrict lepton flavor violating Higgs
signals in the renormalizable scenario, as the electromagnetic transitions arise
at tree level. In this context, it is found that the branching ratios of the decays
H → µ±e∓ and H → τ±µ∓ cannot be larger than 10−19 and 10−11, respectively.
In the nonrenormalizable scenario, the electromagnetic transitions arise at one-
loop level and transitions mediated by the Higgs or the Z gauge boson are induced
at tree level, hence we find mild restrictions on lepton flavor violation. Using the
experimental limits on the three-body decays lA → lB l¯C lC to constraint the
vector Y ABµ , it is found that the branching ratio for the decays H → µ
±e∓ is of
about 4 × 10−9, more important, a branching ratio of 7 × 10−4 is found for the
τ±µ∓ mode. Accordingly, the decay H → τ±µ∓ could be at the reach of future
measurements. The lepton flavor violating decays of the Z gauge boson were also
studied. In the renormalizable scenario, it was found the undetectable branching
ratios BR(Z → µ±e∓) < 5.7 × 10−21 and BR(Z → τ±µ∓) < 2.0 × 10−12. As
far as the nonrenormalizable scenario is concerned, it was found that BR(Z →
µ±e∓) < 0.67× 10−12 and BR(Z → τ±µ∓) < 1.12 × 10−7. Although the latter
branching ratio is relatively large, it still could not be within the range of future
measurements.
PACS numbers: 12.60.Fr, 11.30.Cp, 11.30.Hv
Implications of Lorentz violation... 2
1. Introduction
The flavor, an identity of certain elementary particles, is a feature of the Standard
Model (SM) whose real origin still needs more exploration. On the other hand, in the
SM, the recently discovered Higgs boson [1] is responsible for the masses of all known
elementary particles. This field endows with different masses to quarks and leptons
through couplings proportional to such masses; this peculiarity suggests that the Higgs
boson is able to distinguish the flavor of each elementary particle. There are many
open questions about the flavor; for instance, is it possible to find flavor transitions in
the lepton sector at high energies, just like those already present in the quark sector?
In this respect, the observation of the neutrino masses and mixing [2] marks the first
evidence of flavor violation in the lepton sector. Since the absolute conservation of
lepton flavor is considered a key aspect of the SM, the neutrino oscillation constitutes
a first example of physics beyond the SM. These considerations motivate the study of
lepton flavor violation (LFV) among charged leptons. Due to the peculiar role played
by the Higgs boson concerning the flavor identity of particles, the phenomenon of
lepton flavor violation mediated by this field deserves special attention.
In the SM, lepton flavor-changing neutral currents can be mediated by the photon,
the Z weak gauge boson, and the Higgs boson. From these three options, the
electromagnetic transitions lA → lBγ, with A 6= B and lA = e, µ, τ , present the
most stringent experimental constraints. Current bounds are given by [2]
BRExp(µ→ eγ) < 5.7× 10−13 , (1)
BRExp(τ → eγ) < 3.3× 10−8 , (2)
BRExp(τ → µγ) < 4.4× 10−8 . (3)
As far as the Z gauge boson is concerned, the allowed LFV decays are less restricted
by the experiment; the most recent bounds are given by [2]
BRExp(Z → e±µ∓) < 7.5× 10−7 , (4)
BRExp(Z → e±τ∓) < 9.8× 10−6 , (5)
BRExp(Z → µ±τ∓) < 1.2× 10−5 . (6)
On the other hand, very stringent bounds arise also from leptonic three-body decays
lA → lB l¯C lC . The Particle Data Group reports the following limits:
BRExp(µ→ ee+e−) < 1.0× 10−12 , (7)
BRExp(τ → ee+e−) < 2.7× 10−8 , (8)
BRExp(τ → µe+e−) < 1.8× 10−8 , (9)
BRExp(τ → µµ+µ−) < 2.1× 10−8 . (10)
Undoubtedly, the recent discovery of the Higgs boson at the Large Hadron Collider
(LHC) opens up a new era in high-energy Higgs physics. In order to establish
unambiguously that this scalar resonance corresponds to the Higgs boson predicted
by the SM, many of the coming experiments in LHC will be focused on studying its
decays into SM particles. The properties of this particle will also be under scrutiny
at the International Linear Collider (ILC) [3], which is currently at planning stage.
This ambitious program of electron-positron collisions, operating with a center-of-mass
energy in the range of 250 − 1000 GeVs, will provide a clean environment to make
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studies beyond the capabilities of the LHC, expanding our knowledge of the SM by
opening access to new physics that could eventually be unfolded through quantum
fluctuations of SM observables. However, it is important to mention that in the case
of Higgs LFV decays, their observation in the LHC is potentially as high as in the ILC.
The reason is that these channels are relatively clean in this collider, especially the
one involving the first two families. Besides that, Higgs bosons will be produced more
copiously in the LHC than in the ILC. Effects of new heavy particles would show up
more clearly in those processes that are forbidden or very suppressed in the SM. The
LFV decays of the Higgs boson into pairs of distinct charged leptons, H → lAlB, fall
into the former type of cases. Although strictly forbidden in the SM, Higgs-mediated
decays involving LFV arise naturally in the presence of extended Higgs sectors. This
phenomenon has been the subject of important interest in the literature within the
context of the two-Higgs doublet model [4], supersymmetric theories [5], unparticle
models [6], 331 models [7], seesaw models with Majorana massive neutrinos [8], and
in model-independent way using the effective Lagrangian technique [9, 10].
The purpose of this work is to study the LFV Higgs boson H → l±Al∓B decays
within the context of the Standard Model Extension (SME) [11], which is a SM
extension that incorporates in a model-independent fashion both CPT and Lorentz
violation. Although motivated from specific scenarios in the context of strings
theory [12], general relativity with spontaneous symmetry breaking [13] or field
theories formulated in a noncommutative spacetime [14, 15, 16, 17], this SME is
beyond these specific ideas due to its generality, which is the main advantage of
effective field theories. Thus this extension provides us with a powerful tool for
investigating CPT nonconservation and Lorentz violation in a model-independent way.
In the aforementioned SME, terms of the form T µ1, ···µnOµ1, ···µn(x) are included.
Each of these terms are required to be invariant under the SM gauge group, the
Lorentz n−tensorsOµ1, ···µn(x) are assumed to be SM field dependent, and covariantly
transform under both the particle and observer Lorentz transformations; however, the
constants T µ1, ···µn follow a covariant transformation under only observer Lorentz
transformations [11, 18], hence the particle Lorentz group is broken. In this extended
framework, the action can contain various CPT -odd terms, which necessarily implies
Lorentz violation [19]. Although the minimal version of the SME [11] is constructed
by adding to the SM Lagrangian new observer Lorentz invariant objects of the form
described above, which are renormalizable in the Dyson’s sense, it can be enlarged to
include nonrenormalizable interactions [20]. In this work, we will focus on a Yukawa
sector extended by both renormalizable and nonrenormalizable Lorentz violating
interactions, which directly induces the HlAlB vertex at tree level. We will show that
Higgs-mediated LFV is quite suppressed in the context of the renormalizable version
of the SME due to experimental constraints, but it can reach significant branching
ratios in the context of its nonrenormalizable enlargement.
The rest of the paper has been organized as follows. In section 2 the phenomenon
of LFV mediated by the photon, the Z gauge boson, and the Higgs boson is studied
in the context of the Yukawa sector of the renormalizable version of the SME. In this
context, the experimental constraints on the photon-mediated transitions lA → lBγ are
implemented to predict the LFV decaysH → lAlB and Z → lAlB. Section 3 is devoted
to investigate the possible gauge and Lorentz observer invariant Yukawa-like operators
of the lowest nonrenormalizable dimension that can generate Higgs–mediated LFV. In
this enlarged version of the SME, the experimental constraints on the LFV three-body
decays lA → lB l¯ClC are employed to predict the branching ratios of the H → lAlB
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and Z → lAlB decays. Finally, in section 4 the conclusions are presented.
2. Lorentz violating Yukawa sector: renormalizable extension
Throughout the paper we will be referring to the renormalizable and the
nonrenormalizable versions of the SME. Let us clarify these concepts. Here the term
renormalizable is used in the usual sense but with some caution. What we have called
renormalizable version of the SME is given by a Lagrangian which comprises only
interactions of canonical dimension less or equal than four, that is,
LRVSME = LSM +∆LR , (11)
where LSM is the SM Lagrangian, while ∆LR contains T µ1, ···µnOµ1, ···µn(x), where
Oµ1, ···µn(x) represents SUC(3) × SUL(2) × UY (1)-invariant operators of dimension
less or equal than four and T µ1, ···µn are constant background fields. Although the
divergent structure of this version has been explored at the one-loop level [21, 22, 23],
as far as we know its renormalizabilty at all orders has not been proved. As far as
the nonrenormalizable version of the model is concerned, it incorporates all possible
interactions consistent with observer Lorentz transformations and the standard gauge
group. The corresponding effective Lagrangian can be written as follows:
LNRVSME = LRVSM +∆LNR , (12)
where the ∆LNR term is given by a series, in principle infinite, which contains all
allowed interactions of dimension higher than four.
In this section, we focus on the renormalizable extension to the leptonic Yukawa
sector that induces LFV mediated by the Higgs boson. The only renormalizable
extension of this sector is given by [11]
LCPT−evenY = −
1
2
Y ′ABµν L¯
′
AΦσ
µνR′B + h.c. , (13)
where Φ is the SUL(2) Higgs doublet, whereas L
′ and R′ are left–handed and right–
handed lepton doublet and singlet of SUL(2), respectively. The dimensionless matrix
Y ′ is antisymmetric in the Lorentz indices but symmetric, although not necessarily
Hermitian, in the flavor space. In the unitary gauge, the above Lagrangian can be
written as follows:
LCPT−evenY = −
1
2
√
2
(v +H) E¯′LY
′
µνσ
µνE′R + h.c. , (14)
where E′ = (e′, µ′, τ ′) is a vector in the flavor space. We now perform the
change of basis from (E′L, E
′
R) to the mass-eigenstate basis (EL, ER) via the unitary
transformation
E′L = V
l
LEL , (15)
E′R = V
l
RER , (16)
which, as is well known, simultaneously diagonalizes the mass term and the Higgs-
lepton interactions in the SM, but in this case introduces non-diagonal effects in the
Lorentz violating extension,
LCPT−evenY = −
1
2
(v +H) E¯
(
YµνPR + Y
†
µνPL
)
σµνE , (17)
where Yµν = V
l †
L Y
′
µνV
l
R and PL,R = (1∓γ5)/2. Although the case of the most general
Y matrix may have interesting implications in some processes, such as the induction
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of CP violation, for our purposes it is sufficient to assume it real and symmetric. This
assumption considerably simplifies the analysis. Henceforth,
LCPT−evenY = −
1
2
(v +H) E¯Yµνσ
µνE , (18)
leads to a bilinear coupling lAlB, with vertex− iv2 Yµνσµν , and contains a LFV coupling
of the Higgs boson HlAlB, whose vertex function is given by − i2Yµνσµν .
2.1. The decay H → l±Al∓B
The decay H → l¯BlA + l¯AlB occurs via the Feynman diagrams shown in Fig.1. Both
the bilinear lAlB and trilinear HlAlB couplings contribute to this process at tree level.
The invariant amplitude for the decay H → l¯BlA can be written as follows:
M(H → l¯BlA) = − i
2
Y ABαβ v¯(p2, s2)
[
σαβ +
mB
m2A −m2B
(/p1 +mB) σ
αβ
− mA
m2A −m2B
σαβ (/p2 +mA)
]
u(p1, s1) . (19)
Notice that the contribution of the HlAlB vertex (first diagram in Fig.1) is exactly
cancelled by the contributions of the bilinear coupling lAlB. Once this amplitude is
squared, the following branching ratio for the decay H → l±Al∓B is obtained:
BR(H → l±Al∓B) =
1
4π
(
mH
ΓH
)
m4H
(m2A −m2B)2
× f(mH ,mA,mB)
∥∥Y ABαβ Y ABλρ Tαβλρ∥∥ , (20)
where
f(mH ,mA,mB) =
[
1−
(
mA +mB
mH
)2]5/2 [
1−
(
mA −mB
mH
)2]1/2
, (21)
and Tαβλρ is given by
Tαβλρ =
m2B
m2H − (mA +mB)2
(
gαλgβρ − gαρgβλ)
+
mB
mA
(
Aαβλρ +
m2H −m2A −m2B
m2H − (mA +mB)2
Bαβλρ
)
+
(
mB
mA
)2
Pαβλρ(p1, p1) + P
αβλρ(p2, p2) . (22)
Here, the coefficients Aαβλρ and Bαβλρ are
Aαβλρ =
(pα1 p
β
2 − pβ1pα2 )(pλ1pρ2 − pρ1pλ2 )[
m2H − (mA +mB)2
]2 , (23)
Bαβλρ =
(pβ1p
λ
2 + p
β
2p
λ
1 )g
αρ − (pα1 pλ2 + pα2 pλ1 )gβρ
m2H − (mA +mB)2
+
(pα1 p
ρ
2 + p
α
2 p
ρ
1)g
βλ − (pβ1pρ2 + pβ2pρ1)gαλ
m2H − (mA +mB)2
, (24)
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Figure 1. Diagrams contributing to the decay H → lAlB in the context
of a renormalizable extension of the Yukawa sector. Dots denote anomalous
interactions.
and Pαβλρ explicitly reads as follows:
Pαβλρ (pi, pi) =
pβi p
λ
i g
αρ − pαi pλi gβρ + pαi pρi gβλ − pβi pρi gαλ
m2H − (mA +mB)2
, i = 1, 2 . (25)
Notice that all these tensors are antisymmetric in the pairs of indices αβ and λρ,
and symmetric under the interchange αβ ↔ λρ, in agreement with the antisymmetry
property of Y in its Lorentz indices and the structure of (20).
In the limit mB → 0 and depreciating mA against mH whenever possible, the
branching ratio reduces to
BR(H → l±Al∓B) =
1
4π
(
mH
ΓH
)(
mH
mA
)4
×
∥∥∥( 2p2
mH
)
· (Y ABgY AB) · ( 2p2
mH
)∥∥∥ , (26)
where
p · (Y ABgY AB) · q ≡ pαY ABαβ gβλY AB λρqρ . (27)
In this kinematical limit, E1 = E2 = |p1| = |p2| ≡ |p| = mH/2. Taking advantage
of the property Y ABαβ = −Y ABβα we define the electric-like vector Y AB0i = eABi , and the
magnetic-like vector Y ABij = ǫijkb
AB
k , just like the relation between the electric and
magnetic fields with the corresponding electromagnetic strength tensor. Thus Eq.
(26) can be rewritten in terms of vectors eAB and bAB as follows:∥∥∥f1(pˆ, eAB,bAB)∥∥∥ ≡ ∥∥∥
(
2p2
mH
)
· (Y ABgY AB) ·( 2p2
mH
)∥∥∥
=
∥∥∥(eAB)2 + (bAB)2 + 2pˆ · (eAB × bAB)
− (pˆ · eAB)2 − (pˆ · bAB)2
∥∥∥ , (28)
where pˆ2 ≡ p2|p
2
| , e
AB = |eAB|, and bAB = |bAB|. In terms of the electromagnetic-like
vectors and the pˆ2 direction, the Higgs branching ratio is
BR(H → l±Al∓B) =
1
4π
(
mH
ΓH
)(
mH
mA
)4 ∥∥∥f1(pˆ, eAB,bAB)∥∥∥ . (29)
In order to predict this branching ratio, we need to estimate the parameters in Y ABαβ .
In the next subsection, we do this using experimental constraints.
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2.2. The decay Z → l±A l∓B
As the branching ratios (1-10) indicate, the current bounds on the decays Z →
l¯BlA + l¯AlB are not as severe as those imposed on the electromagnetic transitions,
or as those set on the three-body decays of charged leptons. So, there may still be a
window to observe LFV mediated by the Z gauge boson. In this subsection, we study
the impact of the renormalizable extension of the Yukawa sector on these Z decays.
These decays have contributions at tree level due to the bilinear couplings lAlB, as it
is shown in Fig. 2. Following these diagrams, the invariant amplitude for the decay
Z → l¯BlA is
M(Z → l¯BlA) = i
2
mZ
m2A −m2B
v¯(p2, s2)Λµu(p1, s1)ǫ
µ(p, λ) , (30)
where
Λµ = Y
AB
αβ
[
γµ
(
glV − glAγ5
)
(/p1 +mB)σ
αβ
− σαβ (/p2 +mA) γµ
(
glV − glAγ5
) ]
, (31)
moreover glV =
1
2
+2s2W , with sW standing for the sine of the weak angle, and g
l
A =
1
2
.
Squaring this amplitude leads to,
|M¯|2 =
(
mZ
mA
)4
F (mZ ,mA,mB) , (32)
with F (mZ ,mA,mB) a rather cumbersome expression whose explicit form is not
necessary for our purposes. Working in the limits mAmZ → 0 and
mB
mZ
→ 0, which
imply the kinematical conditions E1 = E2 = |p1| = |p2| ≡ |p| = mZ/2, the branching
ratio for the decay Z → l±A l∓B becomes
BR(Z → l±Al∓B) =
(
(glV )
2 + (glA)
2
π
)(
mZ
mA
)4(
mZ
ΓZ
)
×
∥∥∥Y ABαβ Y ABλρ Zαβλρ∥∥∥ , (33)
where the tensor Zαβ λρ satisfies Zαβ λρ = −Zβαλρ = −Zαβ ρλ = +Zλραβ and is
given by
Zαβλρ = 1
m2Z
[
(pβ1p
ρ
1 + p
β
2p
ρ
2)g
αλ − (pα1 pρ1 + pα2 pρ2)gβλ
+ (pα1 p
λ
1 + p
α
2 p
λ
2 )g
βρ − (pβ1pλ1 + pβ2pλ2 )gαρ
]
. (34)
The index symmetry properties of Zαβ λρ and the already introduced kinematical
approximation yield a branching ratio for the Z decay in terms of the function
f1(pˆ, e
AB,bAB), which is also involved in the branching ratio Eq. (26) of the Higgs
decay. Explicitly,
BR(Z → l±Al∓B) = 2
(
(glV )
2 + (glA)
2
π
)(
mZ
mA
)4(
mZ
ΓZ
)
×
∥∥∥f1(pˆ, eAB,bAB)∥∥∥ . (35)
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Figure 2. Diagrams contributing to the decay Z → lAlB in the context
of a renormalizable extension of the Yukawa sector. Dots denote anomalous
interactions.
2.3. The electromagnetic decay lA → lBγ
The most stringent bounds on LFV come from the electromagnetic decays lA → lBγ
and the three-body charged lepton decays lA → lB l¯C lC (see (1-3) and (7-10)), both
being of the same order of magnitude. Since the two-body decays lA → lBγ under
consideration are induced at tree level, due to the presence of the bilinear terms
lAlB (see Fig. 3), it is clear that this type of decay dominates on the corresponding
three-body one. Accordingly, we proceed to calculate the branching ratio for the
decays lA → lBγ and use the experimental limits on them to constraint the function
f1(pˆ, e
AB,bAB) that consistently appears in the branching ratios (26) and (35).
The invariant amplitude for the decay lA → lBγ is given by
M(lA → lBγ) = isWmW
m2A −m2B
u¯(p2, s2)Γµu(p1, s1) ǫ
µ∗(q, λ) , (36)
where
Γµ = Y
AB
αβ
[
σαβ(/p2 +mA)γµ − γµ(/p1 +mB)σαβ
]
. (37)
Although it is not evident, it can be shown that this amplitude preserves gauge
invariance as it satisfies the Ward identity
qµΓµ = 0 . (38)
Once the amplitude is squared, the corresponding branching ratio can be written
as follows:
BR(lA → lBγ) =
(
s2W
2π
)(
mW
mA
)2 (
mA
ΓA
)(
1− m
2
B
m2A
)
×
∥∥∥Y ABαβ Y ABλρ Rαβλρ∥∥∥ , (39)
where ΓA is the total decay width of the charged lepton lA and
Rαβλρ = gαλgβρ − gαρgβλ + m
4
A
(m2A −m2B)2
Aαβλρ +
m4B
(m2A −m2B)2
Bαβλρ , (40)
where
Aαβλρ =
Aαβλρ(p1, p2)
m2A
, (41)
Bαβλρ =
Aαβλρ(p2, p1)
m2B
, (42)
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Figure 3. Diagrams contributing to the lA → lBγ decay in the context
of a renormalizable extension of the Yukawa sector. Dots denote anomalous
interactions.
here
Aαβλρ(pi, pj) =
[
pβj (pi − 3pj)λ + pβi (pi + pj)λ
]
gαρ
−
[
pαj (pi − 3pj)λ + pαi (pi + pj)λ
]
gβρ
−
[
pβj (pi − 3pj)ρ + pβi (pi + pj)ρ
]
gαλ
+
[
pαj (pi − 3pj)ρ + pαi (pi + pj)ρ
]
gβλ . (43)
In this expression, i, j = 1, 2. Notice that Aαβ λρ = −Aβαλρ = −Aαβ ρλ = +Aβαρλ.
DepreciatingmB againstmA, the branching ratio acquires a simpler form, namely
BR(lA → lBγ) =
(
s2W
2π
)(
mW
mA
)2 (
mA
ΓA
)
×
∥∥∥Y ABαβ Y ABλρ (gαλgβρ − gαρgβλ +Aαβλρ) ∥∥∥ . (44)
Just as for the decays H → l∓Al±B and Z → l∓Al±B, we can write the branching ratio
Eq. (44) in terms of the electric- and magnetic-like vectors eAB and bAB contained in
Y ABαβ as
BR(lA → lBγ) =
(
s2W
2π
)(
mW
mA
)2(
mA
ΓA
)∥∥∥f2(pˆ, eAB,bAB)∥∥∥ , (45)
where ∥∥∥f2(pˆ, eAB,bAB)∥∥∥ = ∥∥∥(eAB)2 + (bAB)2 − 2pˆ · (eAB × bAB)
+ 3(pˆ · eAB)2 + 3(pˆ · bAB)2
∥∥∥ , (46)
and pˆ stands for the normalized momentum vector of the lepton lB.
2.4. Discussion
In order to bound the branching ratios for the decays H → l∓A l±B and Z → l∓Al±B , we
will use the experimental limits on the electromagnetic transitions lA → lBγ given in
the introduction. So, we demand
BR(lA → lBγ) < BRExp(lA → lBγ) , (47)
which leads to∥∥∥f2(pˆ, eAB,bAB)∥∥∥ <
(
2π
s2W
)(
mA
mW
)2(
ΓA
mA
)
BRExp(lA → lBγ) . (48)
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Using the experimental limits (1-3), one obtains the following severe bounds:∥∥∥f2(pˆ, eµe,bµe)∥∥∥ < 7.1× 10−35 , (49)∥∥∥f2(pˆ, eτµ,bτµ)∥∥∥ < 1.0× 10−21 . (50)
On the other hand, to predict the branching ratios BR(H → l±A l∓B) and
BR(Z → l±Al∓B), we need to estimate the value of
∥∥∥f1(pˆ, eAB,bAB)∥∥∥ relative to∥∥∥f2(pˆ, eAB,bAB)∥∥∥. To this end, we consider the following scenarios:
• Scenario 1: eAB × bAB 6= 0. Within this scenario, we can consider the following
two possibilities
(a) The unitary vector pˆ lies on the plane defined by eAB and bAB, pˆ · (eAB ×
bAB) = 0. So ‖f1(pˆ, eAB,bAB)‖ and ‖f2(pˆ, eAB,bAB)‖ reduced to
∥∥∥f1(pˆ, eAB,bAB)∥∥∥ = ∥∥∥(eAB)2 + (bAB)2 − (pˆ · eAB)2 − (pˆ · bAB)2∥∥∥ ,∥∥∥f2(pˆ, eAB,bAB)∥∥∥ = ∥∥∥(eAB)2 + (bAB)2 + 3(pˆ · eAB)2 + 3(pˆ · bAB)2‖ ,
thus ∥∥∥f2(pˆ, eAB,bAB)∥∥∥ > ∥∥∥f1(pˆ, eAB,bAB)∥∥∥ . (51)
(b) The unitary vector pˆ is anti-parallel to (eAB×bAB), then pˆ·eAB = pˆ·bAB = 0.
And we have the following reductions:∥∥∥f1(pˆ, eAB,bAB)∥∥∥ = ∥∥∥(eAB)2 + (bAB)2 − 2|pˆ| |eAB × bAB|∥∥∥ ,∥∥∥f2(pˆ, eAB,bAB)∥∥∥ = ∥∥∥(eAB)2 + (bAB)2 + 2|pˆ| |eAB × bAB|∥∥∥ ,
so we have again the relation (51).
• Scenario 2: eAB × bAB = 0. In this case, ‖f1(pˆ, eAB,bAB)‖ and
‖f2(pˆ, eAB,bAB)‖ are reduced to∥∥∥f1(pˆ, eAB,bAB)∥∥∥ = ∥∥∥(eAB)2 + (bAB)2 − (pˆ · eAB)2 − (pˆ · bAB)2∥∥∥ ,∥∥∥f2(pˆ, eAB,bAB)∥∥∥ = ∥∥∥(eAB)2 + (bAB)2 + 3(pˆ · eAB)2 + 3(pˆ · bAB)2∥∥∥ ,
and again we got the result given by Eq.(51).
From the above results, we conclude that whenever any of the previous scenarios
are met, we have
BR(H → l±Al∓B) <
1
4π
(
mH
ΓH
)(
mH
mA
)4 ∥∥∥f2(pˆ, eAB,bAB)∥∥∥ , (52)
BR(Z → l±Al∓B) < 2
(
(glV )
2 + (glA)
2
π
)(
mZ
ΓZ
)(
mZ
mA
)4
×
∥∥∥f2(pˆ, eAB,bAB)∥∥∥ . (53)
Comparing these inequalities with the general bounds (49) on ‖f2(pˆ, eAB,bAB)‖,
imply the following Higgs branching ratios:
BR(H → µ±e∓) < 4.3× 10−19 , (54)
BR(H → τ±µ∓) < 4.2× 10−11 . (55)
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In a similar fashion, the corresponding branching ratios of the Z gauge boson are given
by
BR(Z → µ±e∓) < 2.5× 10−21 , (56)
BR(Z → τ±µ∓) < 2.0× 10−12 . (57)
From these results, it is evident that signals of lepton flavor violation mediated by
the Higgs or the Z gauge boson are severely suppressed if induced in a renormalizable
context of Lorentz violation. Behind this behavior lies the fact that both the Higgs
and Z boson decays are induced at the same order that the electromagnetic ones,
which are severely constrained by the experiment. Below, we will show that a quite
different scenario emerges when the SME is enlarged to comprise nonrenormalizable
lepton flavor violating effects.
3. Lorentz violating Yukawa sector: nonrenormalizable extension
In this section, we explore the implications of a Lorentz violating extension to the
Yukawa sector beyond the renormalizable structure. The idea is to introduce an
extension of the Yukawa sector via the lowest possible dimension terms that generate
LFV mediated by the Higgs boson (and also perhaps by the Z gauge boson) at tree
level, but not by the photon. Notice that this effect cannot be generated by the photon
at tree level, but only at one-loop or higher orders. In other words, we will consider
a Lorenz violating nonrenormalizable extension of the Yukawa sector where the LFV
electromagnetic transitions are naturally suppressed in a perturbative context. It is
not difficult to convince oneself that the unique‡ lowest dimension extension of the
Yukawa sector, with the properties specified above, is given by the following dimension-
five SUL(2)× UY (1)–invariant Lagrangian
LNRY = −Y ′ABα L¯′ADαΦl′RB + h.c. , (58)
where Dα is the covariant derivative of the electroweak group in the doublet
representation. In this expression, Y ′ABα is a matrix in the flavor space with units
of inverse of mass. In the unitary gauge and after using the standard unitary mapping
that transforms gauge fields into mass eigenstate fields (see Eqs. (15,16)), one obtains
LNRY = −∂αH E¯YαE − imZc2W
(
1 +
H
v
)
Zα E¯Yαγ5E , (59)
where Yα =
1√
2
V l†L Y
′
αV
l
R is the matrix responsible for LFV. As in the renormalizable
case, it will be assumed that the matrix Yα is real and symmetric. In addition, we
introduced the shorthand notation c2W ≡ c2W − s2W , with cW stands for cosine of the
weak angle.
Directly from the structure of LNRY , the LFV electromagnetic transitions are
naturally suppressed as they first arise at one-loop level, whereas LFV effects
mediated by the Higgs boson or the Z gauge boson are induced at tree level. The
respective vertex functions for the H(p)lAlB and ZlAlB couplings are ip
αY ABα and
mZc2Wγ5Y
AB
α . Hence we are now in position to calculate branching ratios of the
different decays we are interested in.
‡ There is also the dimension-five SUL(2)×UY (1)-invariant operator DαL′AΦl
′
RB + L¯
′
AΦDαl′RB ;
however, this is related to Eq. (58) via a surface term.
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3.1. The decay H → l±Al∓B
The amplitude for the decay H → l¯BlA is given by
M(H → l¯BlA) = i
(
pαY ABα
)
[v¯(p2, s2)u(p1, s1)]
= i
(
p0Y AB0
)
[v¯(p2, s2)u(p1, s1)]
= i
(
mHY
AB
0
)
[v¯(p2, s2)u(p1, s1)] , (60)
where the last two expressions are valid at the rest frame of the Higgs boson. The
Lagrangian that defines the Lorentz violating and nonrenormalizable extension of the
Yukawa sector, Eq. (59), can be thought as an effective Lagrangian derived from
a fundamental Lorentz-invariant theory that contains interactions among a certain
well behaved vector field Yα(x), the leptonic fields and the Higgs boson, where the
breakdown of the Lorentz symmetry arises from a timelike nonzero expectation value,
〈Yα〉0 ≡ (Y AB0 , 0, 0, 0), acquired by Yα(x) at the rest frame of the Higgs boson§. As
neither such a fundamental theory or symmetry breaking mechanism is relevant for
our discussion, we will assume the constant time-like vector Y ABα = (Y
AB
0 , 0, 0, 0) as
an effective coupling constant.
In order to consider the complete process H → l¯BlA + l¯AlB a factor of 2 must be
included in Eq. (60) after the amplitude is squared; therefore, the branching ratio for
this decay can be written as follows:
BR(H → l±Al∓B) =
1
4π
(
mH
ΓH
)
f(mH ,mA,mB)
(
mHY
AB
0
)2
, (61)
where
f(mH ,mA,mB) =
(
1− m
2
A +m
2
B
m2H
)
×
√
1−
(
mA +mB
mH
)2√
1−
(
mA −mB
mH
)2
. (62)
In the limit where the lepton masses mA and mB are disregarded against the Higgs
mass mH , the function f(mH ,mA,mB) → 1 so the branching ratio acquires the
following simple form:
BR(H → l±Al∓B) =
1
4π
(
mH
ΓH
)(
mHY
AB
0
)2
. (63)
3.2. The decay Z → l±A l∓B
In a similar fashion, an exact calculation of the branching ratio for the decay
Z → l¯BlA + l¯AlB, leads to
BR(Z → l¯BlA + l¯AlB) = c
2
2W
12π
(
mZ
ΓZ
)
g(mZ ,mA,mB)
×
∥∥∥m2ZY ABα Y ABα + (pαY ABα )2 ∥∥∥ , (64)
§ Similar ideas have been used in the so-called bumblebee models, which consider that the photons
and gravitons could emerge as Goldstone bosons from a spontaneous symmetry breaking that
incorporates vacuum expectation values of the corresponding gauge fields [24].
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where pα = (p0, 0, 0, 0) is the momentum of the Z gauge boson in its rest frame, and
the function g(mZ ,mA,mB) is given by
g(mZ ,mA,mB) =
[
1−
(
mA −mB
mZ
)2]3/2 [
1−
(
mA +mB
mZ
)2]1/2
. (65)
In the limit (mA/mZ), (mB/mZ)→ 0, and taking Y ABα = (Y AB0 , 0, 0, 0), the branching
ratio reduces to
BR(Z → l±Al∓B) =
c22W
6π
(
mZ
ΓZ
)(
mZY
AB
0
)2
. (66)
3.3. The lA → lB l¯ClC decay
In this nonrenormalizable extension of the Yukawa sector, electromagnetic transitions
that involve LFV arise at one-loop level in contrast to the renormalizable case where
they arise at tree level. Nevertheless, from the extension Eq. (59), we can calculate
the three-body decay lA → lB l¯C lC induced at tree-level by the Z gauge boson, this
decay leads to the most important bound on the Y AB0 scale‖. In accordance with the
diagrams in the Fig. 4, the invariant amplitude for the decay lA → lB l¯C lC is
M(lA → lB l¯C lC) = − gc2WY
AB
α
2cWmZ
[u¯(p2, s2)γ5u(p1, s1)]
× [v¯(q2, s2)γα(glV − glAγ5)u(q1, s1)] , (67)
where we have neglected the contribution of the longitudinal component of the Z
propagator, as it is proportional to (mA/mZ)
2. In the limit mB,mC → 0, the
branching ratio for this decay can be rewritten as follows:
BR(lA → lB l¯C lC) = 1
256π3
(
mA
ΓA
)∫ 1
0
dx
∫ 1−x
0
dy|M¯|2 , (68)
where
|M¯|2 = g
2c22W
2c2W
[
(glV )
2 + (glA)
2
](mA
mZ
)4 ∥∥∥mZY AB0 ∥∥∥2f(x, y) , (69)
and
f(x, y) = (2− x− y)(1− x− y + xy) . (70)
Solving the integral in the Eq. (68),
BR(lA → lB l¯ClC) =
(
3
10
)( α
64π2
)( c2W
s2W
)2
× [(glV )2 + (glA)2]
(
mA
ΓA
)(
mA
mZ
)4 ∥∥∥mZY AB0 ∥∥∥2 . (71)
‖ This decay can also be induced by the Higgs boson, but due to the small SM coupling in Hl¯C lC ,
this contribution is quite suppressed in comparison to the Z gauge boson contribution.
Implications of Lorentz violation... 14
Figure 4. Diagrams contributing to the lA → lB l¯C lC decay in the context
of a nonrenormalizable extension of the Yukawa sector. Dots denote anomalous
interactions.
3.4. Discussion
We now use the experimental constraints on the three-body decays of charged leptons
to get bounds on the Y AB0 scale. By demanding
BR(lA → lB l¯C lC) < BRExp(lA → lB l¯ClC) , (72)
one obtains ∥∥∥mZY AB0 ∥∥∥2 <
(
10
3
)(
64π2
α
)(
s2W
c2W
)2
1
(glV )
2 + (glA)
2
×
(
ΓA
mA
)(
mZ
mA
)4
BRExp(lA → lB l¯ClC) . (73)
So, using the experimental limits [2] on these decays, the following bounds are
obtained: ∥∥∥mZY µe0 ∥∥∥2 < 1.2× 10−12 , (74)∥∥∥mZY τµ0 ∥∥∥2 < 2.0× 10−7 . (75)
These bounds allow us to estimate the branching ratios of the LFV decays of the Higgs
and Z bosons.
Considering the Higgs decay, we obtain the following limits:
BR(H → µ±e∓) < 4.1× 10−9 , (76)
BR(H → τ±µ∓) < 6.8× 10−4 , (77)
which are significantly larger than those obtained in the renormalizable setting
(see Eqs. (54) and (55)). In particular, the τ±µ∓ channel is remarkable from the
experimental point of view, as it may be at the reach of future experiments.
As far as the Z gauge boson decays are concerned, their branching ratios are
bounded by
BR(Z → µ±e∓) < 0.7× 10−12 , (78)
BR(Z → τ±µ∓) < 1.1× 10−7 . (79)
These branching ratios are more constrained in comparison with those involving the
Higgs boson, this is a direct consequence of the three orders of magnitude by which
the Z decay width exceeds the H decay width.
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It is interesting to estimate the energy scales above which LFV, emerging from
Lorentz violation, can arise. Let Y AB0 ≡ 1/ΛABLFV be the new physics scale. From Eqs.
(74,75), the following bounds are derived:
ΛµeLFV > 8.3× 104 TeV , (80)
ΛτµLFV > 204 TeV . (81)
It is worth comparing these scales to the Fermi scale (v) through the ratio ǫABLFV ≡
v/ΛABLFV . Using the above results, one obtains
ǫµeLFV = 3.0× 10−6 , (82)
ǫτµLFV = 1.2× 10−3 . (83)
From these bounds, it is concluded that if the phenomenon of LFV is induced by LV,
it occurs at very high energies, in particular, those transitions between the second and
the first families.
Our results suggest that LFV may be detected at the LHC or ILC via the
decay H → τ±µ∓. This possibility could have cosmological implications because
of neutrinoless double beta decay, lepton number violating collider processes and the
Baryon Asymmetry of the Universe seem to be tightly related [25].
To conclude this section, it is well worth comparing our results for the decay
H → τ±µ∓ with those obtained within the context of an effective Lagrangian that
preserve Lorentz invariance reported in Ref. [9]. In this reference, this branching ratio
was predicted using various dimension-six SUL(2)×UY (1)-invariant operators. Some
of these operators predict, in certain scenarios, branching ratios of the same order of
those obtained here. We will focus on the results implied by the operators given in
Eq.(5) in Ref. [9]. These operators generate generate a Hτ±µ∓ vertex similar to that
induced in the nonrenomalizable version of the SME, that is, in both approaches this
coupling is proportional to the H derivative and then produced branching ratios of
similar orders. Since in Ref. [9], the contribution of the operators appearing in Eqs.(5)
was marginally studied, we present here some basic results in order to perform our
comparison. The invariant amplitude is given in this case by
M(H → τµ) = − ǫ
τµ
v
[v¯(p2, s2)/pu(p1, s1)] , (84)
where ǫτµ = (v/ΛτµLFV )
2ατµ, with ατµ a dimensionless constant. This amplitude must
be compared with our result given by Eq.(60), with mHY
τµ
0 playing the role of ǫ
τµ.
Apparently, both amplitudes would lead to similar results for ǫτµ and mHY
τµ
0 as being
of the same order of magnitude. However, there is a subtlety directly associated with
the fact that the H momentum pµ is contracted with the Dirac’s matrix γµ in the
Lorentz preserving case, whereas in the Lorentz violating case, this contraction occurs
with the background field Y τµµ . This fact manifests itself in the Dirac’s traces that
emerge once the amplitudes are squared. In fact, in the Lorentz preserving case, one
has
|M(H → τµ)|2 = 4m2τ
(mH
v
)2(
1− m
2
µ
m2τ
)[
1−
(
mτ +mµ
mH
)2]
|ǫτµ|2 , (85)
which strongly depend on the mass squared difference m2τ −m2µ. On the other hand,
in the Lorentz violating case the result is
|M(H → τµ)|2 = 2m2H
[
1−
(
mτ +mµ
mH
)2]
|mHY τµ0 |2 , (86)
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which, in contrast, is proportional to m2H . This analysis shows that, for comparable
values of |ǫτµ|2 and |mHY τµ0 |2, the branching ratio for the H → τ±µ∓ decay in the
Lorentz violating case would be more important than the Lorentz preserving one by
about a factor of (mτ/v)
2/2 ≈ 30258. This is indeed the case, as the bounds for
the |ǫτµ|2 and |mHY τµ0 |2 factors obtained from the three-body decay τ → µµ¯µ do not
differ significantly. In fact, the corresponding branching ratio in the Lorentz preserving
context can be written as follows:
BR(τ → µµ¯µ) = 5α
2
(
gτ 2V + g
τ 2
A
)
768s4
2W
(
mτ
Γτ
)(
mτ
mZ
)4
|ǫτµ|2 , (87)
where Γτ is the τ decay width and a convenient combination of the three ǫ parameters
arising from the operators given by Eqs.(5) of Ref. [9] has been used. In addition,
the mass mµ has been disregarded against mτ . Notice the strong similitude between
this expression and the one obtained in Eq.(71). In fact, using updated experimental
limits on this three-body decay one obtains a bound of |ǫτµ|2 < 3× 10−8, which is one
order of magnitude more stringent than the one obtained for the Lorentz violating
case [see Eq.(75)]. A direct calculation shows that this updated bound leads to
BR(H → τ±µ∓) ∼ 10−9 in this Lorentz preserving case.
4. Conclusions
It is possible that the electromagnetic interaction exactly preserves the leptonic flavor,
as it is suggested by the current experimental limits on photon-mediated transitions
among charged leptons. However, lepton flavor violation could occur in nature via
Higgs boson decays; at the end, this particle has a special role in the generation of
the mass spectrum on the SM. The mass is an important quantum number which is
correlated with the flavor of a particle, i.e., it is an intrinsic property directly associated
with the identity of any elementary particle. The Higgs boson is the only particle in the
SM that can distinguish the flavor through the mass because it couples to any massive
particle with a coupling proportional to the mass itself. Lepton flavor violation may
also be induced by the Z gauge boson, the current experimental constraints on such
decays are more flexible than those existing for the electromagnetic processes.
In this work, we have presented the analysis for lepton flavor violation mediated
by the Higgs boson, the Z gauge boson, and the photon in the context of an SME
viewed as an effective field theory that incorporates non-conserved CPT and Lorentz
violation in a model-independent manner. We separately explored the aforementioned
processes within renormalizable and nonrenormalizable extensions of the SM Yukawa
sector. In the renormalizable extension, the lepton flavor violation is induced at
tree level by the three neutral bosonic particles of the SM; it was found that the
presence of LFV induced in this way is quite suppressed due to severe constraints
arising from experimental limits on the electromagnetic transitions lA → lBγ. In
this context, the Higgs decays into channels µ±e∓ and τ±µ∓ have branching ratios
of the order of 10−19 and 10−11, respectively. About the Z boson decays into these
channels, the respective branching ratios are of order of 10−21 and 10−12. These
practically unobservable branching ratios are the consequence of the almost prohibited
electromagnetic transitions lA → lBγ, generated at tree level in this renormalizable
extension of the SM. On the other hand, in the nonrenormalizable extension of the
Yukawa sector, lepton flavor violation is generated at tree level via both the Higgs and
the Z gauge bosons. In this scenario, lepton flavor violation mediated by the photon
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is naturally suppressed as this effect contributes at one-loop level. In this context, the
Higgs decays into the channels l±Al
∓
B are proportional to the time component of the
vector Y ABµ that characterizes the flavor violating transitions. Assuming a time-like
Y ABµ vector, simple expressions for the Z decays into l
±
Al
∓
B were also derived. Under
this assumption on Y ABµ , the tree-level contribution of a virtual Z gauge boson to the
three-body decay lA → lB l¯C lC was calculated. Then, the experimental constraints on
these decays were used to bound the Y ABµ vector and thus allows us to predict the
branching ratios for the Higgs and Z bosons decays into the µ±e∓ and τ±µ∓ channels.
It was found that BR(H → µ±e∓) < 4.1× 10−9 and BR(H → τ±µ∓) < 6.8 × 10−4,
whereas BR(Z → µ±e∓) < 7.0 × 10−13 and BR(Z → τ±µ∓) < 1.1 × 10−7. The
scales characterizing this class of new physics effects are ΛµeLFV > 8.3 × 104 TeV, for
transitions between the second and first families, and ΛτµLFV > 204 TeV, for transitions
from the third to the second family. It can be seen from these results that, despite of
relatively high new physics energy scale relative to the Fermi scale, the Higgs boson
decay H → τ±µ∓ becomes compelling, as it can reach a branching ratio of almost
10−3 and thus be within the range of future measurements.
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